AIm: This study evaluated the clinical and economic outcomes of ventriculoperitoneal shunt infections.
INTRODUCTION
Shunt infections have become a major problem in the treatment of hydrocephalus since the development of ventriculoperitoneal shunt (VPS) systems. The incidence of cerebrospinal fluid (CSF) shunt infections varies from 5% to 41% (15) . The prevalence of shunt infections has decreased to 10% in recent years as a result of new developments (1, 3) . Improper treatment of shunt infections results in serious morbidity, mortality, high treatment costs, and psychosocial distress (11) . The risk of infection is affected by factors including patient age, immunologic status, factors associated with the surgery and surgeon, materials used, surgical technique, and the number of previous shunt surgeries (5) .
Few scientific reports covering VPS infections (VPSI) have been published in Turkey because of the insufficient number of scientific studies performed in this country. This study evaluated both the medical and economic outcomes of VPSI in children (5, 13, 23) .
MATERIAL and METHODS
This retrospective study evaluated patients who were diagnosed with VPSI and hospitalized at the Clinic of Pediatric Fifty-one children diagnosed with VPSI for the first time were included in this case study. The exclusion criteria were VPSI before the study period, a history of a shunt operation in another center, and a lack of medical records. The criteria for a diagnosis of CSF shunt infection were as follows: a positive CSF culture, CSF findings consistent with infection (leukocyte count of >50/mm 3 or glucose ratio [CSF glucose/serum glucose] of <0.4) associated with fever [temperature of >38.5°C]), shunt malfunction, or neurological symptoms (17, 20, 27) . Burr-hole type shunts were placed in all patients with medium pressure adjustment (70-110 mmH 2 O), and cefazolin sodium prophylaxis was intravenously administered before the skin incision (25 mg/kg); two doses were repeated within 24h after the surgery (12, 21) . The patients were divided into four groups according to the time at which VPSI first developed: 0 to 2 months, 2 to 6 months, 6 to 12 months, and 12 months after the surgery. In addition, patients with a first VPSI were divided into two groups: those hospitalized for more or less than 21 days. Clinical and laboratory findings affecting the duration of hospitalization were investigated. One of two VPSI management protocols was chosen according to the preference of the neurosurgeon and pediatrician. The first method involved removal of the infected shunt, placement of an external ventricular drain, and administration of empirical antibiotic therapy. The second method involved treatment with antibiotic therapy without surgical intervention. Treatment without external ventricular drainage was performed at the preference of the neurosurgeon. The treatment duration was determined by the clinical condition, type of microorganism, and CSF findings. The cost per patient, including the bed, antibiotic, laboratory, radiological, and surgical cost, was evaluated based on that year's price list drafted by the Turkish Ministry of Health. The total cost and total duration of hospitalization were affected by the length of the follow-up period. The effect of the length of the follow-up period was mathematically adjusted to more accurately determine the effects of factors such as patient age, age at first infection, and premature birth. The concepts of the coefficient of cost and the coefficient of hospitalization were developed as a result. The coefficient of cost (total cost/follow-up period) and the coefficient of hospitalization (length of hospital stay/follow-up period) were estimated for all patients, and the relationships between these coefficients and risk factors were investigated. This study was approved by our institution's Ethics Committee (06.04.2011-15/9).
Statistical evaluation was performed with the Statistical Package for the Social Sciences, version 18.0 (SPSS V18.0) Numerical data and arithmetic means ± standard deviation are expressed as median, minimum, and maximum values. Categorical data are expressed as points (n) and percentages (%). The chi-square test and Fisher's exact test were used to compare proportional data, and the Mann-Whitney U test was used to compare the binary groups. Spearman's correlation analysis was conducted for numerical analysis of the data affecting the hospitalization coefficient. A p value of <0.05 was considered to indicate statistical significance.
RESULTS
The age range of the study group was 1 to 88 months (mean age, 16.6 ± 9.22 months; median age, 3 months); 28 of the 51 patients were female (55%). The mean follow-up period was 20.6 ± 1.5 months (median, 21.3 months; minimum, 1.7 months; maximum, 53.8 months), and all patients were hospitalized a total of 132 times due to VPSI. During the study period, 835 shunt operations were performed by the Neurosurgery Department; 495 (59%) were de novo shunts, and 340 (41%) were revisions for shunt surgery. A shunt infection rate of 15.8% (n = 132) was observed during the follow-up period. Shunt infection recurred in 33 (64%) patients. Seventeen patients (29%) had a history of premature birth, and 42 patients (83%) were <1 year old. The etiology of hydrocephalus was congenital malformation (meningomyelocele, Dandy-Walker malformation, etc.) in 30 of 51 patients (58.8%), infection in 4 patients (7.8%), intraventricular hemorrhage due to prematurity in 8 patients (15.7%), and an intracranial space-occupying entity in 3 patients (5.9%). The etiology could not be identified in six patients (11.8%). After shunt placement, infections occurred in 23 patients (45%) in the first 2 months, in 12 patients (23%) at 2 to 6 months, in 7 patients (13%) at 6 to 12 months, and in 9 patients (17%) after month 12.
The mean hospitalization duration was 26.3 ± 22.5 days during the first VPSI. Thirty-three of all patients (64.7%) stayed less than 21 days, while 18 (35.3%) stayed for more than 21 days. Hospitalization lasted more than 21 days for patients with a history of premature birth and with a lower CSF/blood glucose ratio (p = 0.017 and 0.006, respectively). In 37 patients, the shunt was removed and external ventricular drainage was applied; 14 patients (28%) were treated with only antibiotics (no shunt removal). The duration of hospitalization did not differ between these two groups (p = 0.487) ( Table  I ). The mean number of hospitalized patients was 2.58 ± 1.75 (median, 2; range, 1-7), and the mean hospitalization coefficient (length of hospital stay/follow-up period) was 0.17 ± 0.22. The hospitalization coefficient was higher in patients with a history of premature birth and who developed their first shunt infection before the first 3 months of age (p = 0.002 and 0.001, respectively) (Table II) . Similarly, a negative correlation was found between the age at diagnosis and the hospitalization coefficient (p = 0.005, r = -0.38) (Figure 1 ).
Positive CSF cultures were identified in 25 patients (49%) (gram-positive bacteria, 13 [52%]; gram-negative bacteria, 11 [44%]; fungal, 1 [4%]). Seven patients (13.7%) (four females) died during the follow-up period. The cause of death was septic shock in three patients, cerebral herniation in three, and respiratory failure in one.
The average cost of hospitalization was 6397 ± 4338 TL (median, 5397; range, 160 ). This amount included the antibiotic, laboratory, radiology, surgery, and bed costs.
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During this time, the total cost per patient divided by the number of patients was estimated to be 16,188 ± 11,195 TL (median, 12,987; range, 5102-44,272). The mean cost coefficient (total cost/follow-up period) was 43.0 ± 65.5 TL/ day, and a moderate negative correlation with patient age was noted (p = 0.04, r = -0.29) (Figure 2 ). Considering the relationships between the cost coefficient and various factors, a statistically significant difference was found between shunt infections at an early age and prematurity (p = 0.06 and 0.005, respectively) (Table II) .
DISCUSSION
Cerebrospinal shunts play a key role in the management of hydrocephalus. However, many complications are associated with shunt application. The most common complication is shunt infection. Shunt-related deaths account for onethird of all deaths due to shunt infection (20) . This study evaluated the medical and economic aspects of VPS-related infections in children at our hospital. Although there are many similar international reports, there are a limited number of such studies in Turkey. Risk factors affecting the duration of hospitalization and patient costs were analyzed. In this analysis, the hospitalization duration and cost coefficient were used to minimize the effects of the follow-up duration on the cost and number of hospitalizations. The literature reports that the prevalence of VPSI is 10% and that it most commonly 
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infection. Aseptic conditions and the use of prophylactic systemic antibiotics have been proven to reduce the risk of shunt infection by half (2, 16). Antibiotic-impregnated shunt catheters have been used in many studies to reduce infection, but some studies have reported that they do not change the frequency of infection. Despite their additional cost of $400 to 500, they are used for shorter hospitalization periods as well as to reduce the likelihood of shunt infection by two-thirds. On the other hand, the type of shunt (adjustable, pressurecontrolled, or no-valve) was reportedly unimportant in terms of preventing infection in several studies (1, 8, 9, 14) . The surgeon, surgical technique, operating room environment, and operation time were omitted from the analyses in this study. However, all patients received prophylactic antibiotic therapy after surgery. Antibiotic-impregnated catheters were not used in any patient; only a single type of shunt was used for all patients.
Several methods are used to treat shunt infections, including the use of systemic antibiotics in conjunction with the placement of a new shunt after an older one is removed, the use of systemic antibiotics with external drainage until the CSF is clear followed by the placement of a new shunt, and the use of antibiotics only. In this study, an external ventricular drain and systemic antibiotics were used in twothirds of all patients; the remaining patients were treated with antibiotics alone. These two treatment options did not affect the duration of hospitalization or the hospitalization and cost coefficients. None of the patients underwent removal of the infected shunt and direct shunt placement during the same session.
In the literature, the average cost of a shunt infection has been reported as 8 to 50,000 US dollars (1, 10, 11) . No studies have investigated the economic aspect of shunt infections in Turkey. We calculated an approximate cost of 5500 TL for VPSI, and the cost per patient in the follow-up period was ~13000 TL. As expected, a younger age has been found to be occurs in the first 2 months postoperatively. The prevalence of VPSI is reportedly 16% in Turkey. Mortality rates due to shunt infection vary from 10% to 13% (1, 6-9, 13, 18, 19, 25, 26) . This study found a VPSI prevalence of 15.8%, which is higher than the values reported in the literature. Etiological factors, younger age, and nonuse of antibiotic-impregnated shunts were among the factors that affected our findings. Consistent with the literature, infections were most commonly observed in the first 2 months postoperatively. Thirteen percent of shunted patients died during the follow-up period.
A low glucose level in the CSF indicates greater bacterial disease severity in the central nervous system. A low CSF/ serum glucose ratio in patients with VPSI also affects the duration of hospitalization (22, 23) . This study found that the CSF/glucose ratio was lower in patients hospitalized for more than 3 weeks.
Factors including premature birth, occurrence of the first VPSI at a young age, congenital conditions such as meningomyelocele, post-hemorrhagic hydrocephalus, higher number of previous shunt infections, and the development of postoperative CSF leakage increase the risk of shunt infection (4, 6, 7, 18, 25) . In this study, we found that children with VPSI in the first 3 months or with premature birth had a greater rate of shunt infections (high hospitalization coefficient) and higher treatment costs (high cost coefficient). The etiologies of hydrocephalus among the patients could not be divided into many separate groups because of the small sample size; therefore, the etiologies were divided into only two groups: congenital and acquired. In this study, we found that the etiology of hydrocephalus and sex did not affect the hospitalization coefficient.
Shunt infections are caused by previous CSF infections or occur more generally due to skin contamination during surgical procedures (4, 14) . The surgeon's ability, speed, and experience; the timing of surgery; and the operating room conditions are controversial subjects in terms of the risk of The coefficient of cost
